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(54) 
(57) Abstract 

A gas elimination system includes a ~%£»^™*^£Z 
(8) . The gas eliminaUo^ ^^VuSa^SaSE SS *- — s panicles 
the fluid flowing into the *amba (14)and a parnc chamber (14) such that 

from the fluid. The particulate filter Wancs^™^ enc0 unters 

stuck in the valve seat (42). 
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FILTER SYSTEM FOR REMOVAL OF GAS 
AND PARTI Ql H ATFS FROM CH I HI AR FLUIDS 

TECHNICAL FIELD 

This invention relates to the art of filters for removing gas and particulates from 
fluids, particularly cellular fluids. The invention finds particular utility in the removal of 
air and particulates from blood during transfusions. 

BACKGROUND ART 

It is often necessary to remove unwanted particles and gasses from fluids by 
filtering. An example of this is in the infusion of physiological fluids, including blood and 
blood products. The removal of gasses is even more important when the fluids have 
been warmed, because of the outgassing caused by the warming. 

Because the particles, gasses, and fluid have different densities, it is known to 
separate these by centrifugal forces arising in a vortex generated in the fluid. Thus, it is 
known to provide the fluids to a separation chamber by way of an inlet that is tangential 
to the chamber. The entering fluids are directed into a circular flow pattern, and the 
gasses tend to accumulate in the center of the chamber while the heavier particles and 
fluids go to the outside of the chamber. The gasses are allowed to exit the chamber 
through a vent, and the particles are removed from the fluid by a physical filter. 

These devices have faced several problems, particularly when used with cellular 
fluids. One problem has been the formation of a vortex large enough to remove 
substantial amounts of gas. The physical arrangement of the various elements of prior 
devices has constricted the vortex, preventing effective removal of gas. Further, prior 
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andpreventtheirseparationfromtheflu.d. 

air . or other gasses. into the pafcent, a check , lnsome 

■ W is compact, easily manufactured, and efficient. 

SUMMARY OF THE INVENTION 

. ,.„„ a mer is provided that is capable of removmg 
,„ accordance with the ,nvent,on. a filter P ^ ^ 

cha m b ercon,ainingachecKva,ve.Thevo rt e X a er js preferably 

cylindrica,.hu,mavbeo,otherro,a«,ona.shapes.h^ » ^ chamber has an 
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,d from the fluids to the atmosphere. The inlet is directional 
discharging gasses removed from the flu ^ ^ ^ ^ ^ ^ 

oasses accumulate in the center of the vortex chamber. 

• o t n the too of the vortex chamber and exit to the 
The removed gasses rise to the top 

— :r— " ::—.-.»•« 

membrane is mounted on a soi.d first pa ^ 

-^=r--====: 

when the pressure is targer than atmospheric. 
aAar^^ 

-«-^*^: ve^otthefluidto 

allow further gas separation. The twia c d nartiru | at es are 

— rrr.=r.r. r =r= 
i^r^rrjrr;r 
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from the vortex chamber to the outlet chamber, 
between thebottomo, the vorte*cham^^^^^ 

W decreasing the likelmood the. the Alter wrl ^ ^ ^ 

loufletchan— ^ 
engageavalveeeatwhen the outlet charn . wher , buUhis can result 

of w flowing fluid by entree ri« « me ba „ and 

directing the fluid flow around the bell to sh, ^ ^ ^ ^ 

enbain m en«o,«hebel,in.hedownwardflu,d«ow^^ , 9 „ 

m3int ained out o. the fluid stream during normal operaflon o, the dev 
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,. nrp w ith the invention. 
* o r.itor svstem m accordance win 

of u,e invention in more «1 upper ^ ' ^nca,. it may be other 
^exchamberU. ^^^ZJ^ Anin,e,po rt1 6o,recK 

^vorte^egassesgenerairyaccum amberarei e— a 

„eld to the chamber by a cap formed of W P ^ ^ ^ dunng 

Mes 24.w W dtaiiow passage of the gas that hasp 
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u u , Q c9i the aas flows upward over a valve seat 26. The 

flexible cove, 22 engages .he valve sea . ^ ^ ^ 

wim th e va>ve sea.. When .he gas pressure * ^ ^ ^ 

flexible cover is grea.er .han armosphenc .he * $ re .„ 

ln the preferred embodiment .he cover . * i g« V 9 ^ 

before .he cover will be lifted from .he sea.. Th,s ensures 
,he chamber when .he pressure gradient is very smafl. 

. . , , hp VOItex cha mber is illustrated by arrows. The fluid forms 
ThP fluid fiowinq into the vortex cndi 

^edfoexis.forasubs.anua.disfencepno^ ^ 8 Joperafortoview W s 

T b e vo„e* chamber is preferably made suL^^ 

particuia.e filter is open a. .he fop whereby P ^ 

■ u ^n^Rninch These dimensions have been found to allow 
particulate filter is about 0.360 men. inese 

adequate room for establishment of the vortex. 
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— :rr;«; rrrr. r 

chamber without first passing through the filter. 

*rsrrrr=. 

th e vortex chamber, as illustrated at 32. 

eventually become detached. The gaa ^ 
filter, and that gas will nse to the rap 01 



the filter. 



u ,0, ihrouah the particulate filter passes 
ouW ard,y through the lower part c t ^ ^ , tne 

particulate mer are removed by passag t ndof[enfallo(fto accumulate 

These particulates accumulate on the mtenor of the 
in a pile on the bottom of the filter as illustrated at 34. 

flow. Moreover, removal of particulates uy w 
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■ the capacity of the filter for a given phys.cal s,ze. 

ureases the capa ty ^ vortex „ and is generaliy 

The outiet chamber 36 . aaal V a, g . r 
of sma„erdiame.er,han .he vortex chamber. The vortex h me 

P0 ' yPr0Py ' ene ' ns when the outlet chamber is full of eir. 

Thefioetopera.es in oneo fW opos, * lemjnafonofMdflow . 

lhe fioa. is in the position shown ,n so„d W 2 ^ ^ - 

When the fioa. is in the position shown ,n phantom fines 
Wasinnormalopera.ion.and.hefiuidisfiowing.ree.y. 

u < ™. » conical valve seat 40 for engaging the 

about seventy degrees (70 )w,.h ho ^ 
opposed sides of me seaUorm a forty degree (40 ) angle T g 

su oh that the engagement between « a d , e seat o ^ ^ 

irc:n2=r- 

The checR valve of the present invention has been designed to provide a very 

rr-t~"m— 
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„ « i. more easily caught (entrained) in the downward 
requ iremen»s because a larger ball ■ ™°"^ J ^ buoyanUhan . ho „ow 

one. which wouid deform dunng contact. APP 

more famngs 42 that dep Tne bottom of ln e filter represents a stop to 

-^ imen< ' therea : ,OUr,a Xj;;; oats ndthe.aiHngsho,dthe,oatcen,ered,n 

the outlet chamber so that * does net b ^ ^ ^ ^ , 

gui ding the flow o. the fluid around the floaU J ^ ^ ^ 

h-.gherflowratewithoutinter.erencw.th, A ^ f ^ ^ , s as 

foflows. The inlet ,s attached to a sourceofp y suchthalthe flo at rises 

toth eoperaflonalpos,t,on.lfthe oa air „ me ou „ et Une 6 

depress the pillow 8 one or mere flmes. Th,s aoflon ^ 

:r; rr=r— jraiewflbflu, 

---«-^ a ^:t::rvr retlgisJo.arge.Uwil, 
pi „ow wil, be able to lift the float sure app|ied t0 the 

bal l. thus no, providing adequate „ft,ng df the tat b* Th 
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'^f 

flniu r3tp<; it will be further appreciated 
or0 ,30" inside andO, 9 0 outside for ^^ p0 „^^ 
that even though the pillow 8 is an .nexpensrve element, 
valve greatly facilitates setup of the dev.ce. 

m „, the appended claims will be apparent to those 
Modifications within the scope of the appena 

of skill in the art 
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I Claim: 

1 A gas elimination filter comprising: 

. • „ a „ooterwallandaninletinsaidouterwallorie n ted 

with respect to said outer wall such that a von 

said fiuid.and rtedinsaid chambersuch,hat,opo,saidpartio U ,ate 

S aid chamber adiacent said region is transparent. 

3 A gas elimination filter according to claim 1 where,n 
s.aohamheriscvlindrica.andsaidinietadmitssaidfiuidtosaidchamherina 

direction tangent to said chamber. 

4 Agaser,minationfi«eracco ro ingtodaim1furtbercompr,s,nganou«et 

4 . Agas atonma communication with sa,d vortex 

chamber, and wherein said parturiate rater 

extends into said outlet chamber. 

5 Aga se,iminaficnfi,teraccord,ng,oc,aim,whereinse,dvortexchamber 

niter material in the form of a cylinder that is p 

chamber 

dosed at the bottom ^° Sa ' ( ^°| 1 ^^^^g e ^^ ) ° I ^h said open top into the center of said 
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filter material to said outlet chamber. 

7 . a gas eiiminaflon Alter according to Cain, 4 wherein said oufle, chamber 

comprises a check valve. 

8 A gas eiiminaflon mm according to daim 7 wherein said check vaive 
c omprLaval seatformed inawallo, said outlet chamber and a float that engages 
said seat when said outlet chamber contains excess gas. 

, A gas elimination Mr according to daim 8 further comprising a fairing on 
the bo«omo,said particular arranged to receive said float when the outlet 

chamber is full of fluid. 

10 a gas elimination Alter according to daim 8 further comprising an outle, 
tub a connected atone end to said ouflet chamber downstream o, said check valve and 
a primer conneded to the opposed end of the ouflet tube. 

„. Agase,imina.ionfli»eraccording.odaim10whereinsaidprimer,sa 

compressible pillow primer. 

„ Acheckvatvecomphsing an outie, chamber forming a rigid, tapered vatve 
aea.andaHgid.spherica.cheCbainnsaidoufletchamberhavingadensityofiess 

than one. 

13 . A check vaive according to Cairn 12 wherein said tapered valve sea, 
forms an inclusive angle of greater than about 35". 

M A check valve according to daim ,3 wherein the diameter of said check 

Lads the valvesaatataiocationabou, 5/8 of the diameter Che checkbaiifrom the 

top of the check bail. 

,6. Acheckvalveaccording.odaim12whereinsaidoufle.chamber.ur.her 

comprises a protective cage. 

12 
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1 6. A particulate filter comprising a filter medium having a side, a bottom, and 
being open at the top, and seal means on the side of said medium for directing the flow 
of fluids through said filter such that fluids enter from the exterior of said filter through 
said top or through the portion of said side above said sea! means and exit said filter 
through that portion of the filter medium below said seal. 

1 7. A particulate filter according to claim 1 6 in further combination with a first 
chamber and an outlet chamber, where the first chamber is connected to said outlet 
chamber for fluid communication therebetween and said seal engages said inlet 
chamber. 

1 8. A gas elimination filter comprising: 

vortex chamber means for forming a vortex in a fluid stream for removal of 
gasses from said fluid, 

outlet chamber means for receiving said fluid from said vortex chamber means, 

and 

particulate filter means extending from said vortex chamber means into said 
outlet chamber means for removing particulates from said fluid stream. 

19. A gas elimination filter according to claim 18 wherein said vortex chamber 
means includes a fluid inlet and said particulate filter is arranged in said vortex chamber 
such that said vortex forms in a region between said inlet and a top of said particulate 
filter. 

20. A gas elimination filter according to claim 1 9 wherein said outlet chamber 
includes a check valve. 
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AMENDED CLAIMS 



I a gas elimination filter comprising: 

avortex chamber having an outerwall ahd an Wet in said outerwall oriented 
with respect to said cuter wai, such that a vortex is formed in said vortex chamber by 
said fluid, and 

a particulate filter supported partially in said chamber such that top of sa,d 
particulate filter is spaced substantially below said inle. and said vortex is formed ,n 
the region between said inlet and said particulate filter. 

2 . A gas elimination filter according to claim I wherein at least the porhon 
of said chamber adjacent said region is transparent. 

3 A gas elimination filter according to claim I wherein 

said chamber is cylindrical and said inlet admits said fluid to said chamber ,n 

a direction tangent to said chamber. 

4 A gas elimination filter according to claim I further compns.ng an outlet 
chamber having afiuid oufietand being in fluid communication wflh said vortex 
chamber, and wherein said particulate filter is open atits top, Cosed a. u bottom 
and extends into said outlet chamber. 

5. A gas elimination filter according to claim 4 wherein said vortex 
chamber and said outlet chamber are axially aligned. 

6 A gas elimination filter according to claim 4 wherein sa,d filter 

in said vortex chamber passes to said oufletchamber by passing throughsa, open 
top into the center of said particulate filter and then outwardly through sa,d filter 

ma te ri a, into said oufle, chamber and the remainder ^"^^ 
vortex chamber inwardly through said filter matena, into the center of sa,d particulate 

filter and tben outwardly through said filter material to said outlet chamber. 



14 

AMENDED SHEET (ARTICLE 19) 



PCT/US98/22768 



7. A gas elimination filter according to claim 4 wherein said outlet chamber 
comprises a check valve. 

8 A gas eliminafion filter according to claim 7 wherein sa,d check valve 
comprises a valve seat formed in a wall of said outlet chamber and a float that 
engages said seat when said outlet chamber contains excess gas. 

g AgaseliminationfilteraccordingtoclaimSfurthercomprisingafa^g 

on the bottom of said particulate filter arranged to receive said float when the outlet 

chamber is full of fluid. . ,„„,„,«,, 

10 A gas elimination filter according to claim 8 further compns.ng an outlet 

tube connected a. one end to said outlet chamber downstream of said check valve 

and a primer connected to the opposed end of the outlet tube. 

11. A gas elimination filter according to claim 10 wherein said pnmer ,s a 

compressible pillow primer. 

12 A check valve comprising an outlet chamber one end of wh.ch havmg 
a rigid, tapered valve seat and an opposite end of which having a filter, and a ng,d. 
spheneal check ball in said outlet chamber having a density of less than one 
movable between said one and opposite ends of said ouflet chamber. 

13 . A check valve according to claim 12 wherein said tapered valve seat 
forms an inclusive angle of greater than about 35=. 

14 A check valve according to claim 13 wherein the diameter of sa,d 
check bail is such mat when the check ball is in contact wfih the valve seat the 
check ball contacts the valve sea. at a location about 5/8 of the diameter of the 
check ball from the top of the check ball. 

15. A check valve according to claim 12 wherein said outlet chamber 

further comprises a protective cage. 

16 A particulate filter partially supported within a chamber compns.ng a 

the side of said medium for directing the flow of fluids from sa,d chamber through 
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inlet chamber. 
18. 

vortex chamber means 



18 A gas elimination filter comprising: omfwalof 
chamber means and m „id vortex chamber means into said 

o,saw rci-o 1-—-— 

chamber includes a check valve. 
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